Lawrence Berkeley National Laboratory
Recent Work

Title

HYPERFINE-STRUCTURE SEPARATIONS, NUCLEAR MAGNETIC MOMENTS, AND HYPERFINE-
STRUCTURE ANOMALIES OF GOLD-198 AND GOLD-199

Permalink

https://escholarship.org/uc/item/9nv5m7cg

Authors

Bout, Paul A. Vanden
Ehlers, Vernon J.
Niereriberg, William A.

Publication Date
1966-11-29

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/9nv5m7cs
https://escholarship.org/uc/item/9nv5m7cs#author
https://escholarship.org
http://www.cdlib.org/

© UCRL-17297

| Umversnty of Callfornla 4

SR G S g*
A‘_,{(‘r,> i

Ernest 0 Lawrence
Radlatlon Laboratory

HYPERFINE«-STRUCTURE SEPARATIONS NUCLEA.R MAGNETIC MOMENTS A
AND HYPERFINE -STR.UCTURE ANOMALIES OF. GOLD 198 AND GOLD '199 2

e e e

TWO-WEEK LOAN COPY
This is a Library Circulating Copy

which may be borrowed for two weeks.

For a personal retention copy, call
Tech. Info. Division, Ext. 5545

B i ratisiid




DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not nccessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



. To be submitted to Physical Revies .~ . ° .  UCRL-17297

- Prenxrint

UNIVERSITY OF '@ CALIFORNIA

Lawrence Radiation Laboratory
Berkeley, California . -

. AEC Contract No. W-7405-eng-48

.""HY?ERFINE—STRUFTURE SE PAQALIOVS, NUCLEAR MAGNETIC HOMENTS.ANDv'f

HYPERFINE-STRUFTUP ANOWALILQ OF COLD-193 AND GOLD—199

Paul A Vanden Bout Verron J. Ehlere, William A, Nierenberg,
- ' ~and Howard A. Shugar* '

November 29, 1966




© UCRL-17297

Hypﬁrfine~8tructure Separatlons, Nuclear Magnet c Moments,and

Hyperfine-Structure Ancmalies bf Golid- 198 and Gold-1°°'

' ‘ *
Paul A. Vanden Bout Vernon J. Ehlers,’ William A. Nierenberg,
and Howard A. Shugart

T . Department of Physics and Lawrence Radiation Laboratory-~
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ABSTRAGT

We have measured Lhe hyperfine~structure. separatinns and nuclear.

198 199

magneticvmoments of (2.70 4d) Au and (3.15 d)vAu , 1n_the 2 etate,i

1/"

_using the atomic-bean magnetic-resonance method. We also measured the

 ratios of the electronic g factor of gold to those of potassium and

'”1 cesium. ‘TheAresults are, for Au198 (I =2), &Av = 21450.7167(4) MHz, -

199

uy(uncorr) = + 0.5842(4) nm; and for Aw = (I = 3/2), Av = 10962.7227(3) Miz,

(uncorr) + 0.2673(7) nm. The results for the g-factor ratios are:

: gJ(Au)/gJ(K) = 1.000504(2) and gJ(Au)/gJ(Cs) 1.000381(2); These values

197A198

yield the following hyperfine—structure anomalies: = 8.53(8)% .

a 197,199 _ 5 7(2)%. 'Second-order corrections to-the hyperfine structure

. ,
- are shown to be negligible. The nuclear.results are interpreted in terms

flof the shell model, with allowancelmade for configuratioﬁ mixing.
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1 :lNTRODUCTION

: The unpaired s electron present in the atomic 231/2 ground state

“fg.of gold is a sen51tive probe of the gold nucleus, However,-the hyperfine'

i"hstructure (hfs) of this state contains information about only one nuclear
;multipole moment~—--the magnetic—dioole moment, - Information on higher
.multipole moments is excluded by angular monentum considerations. Another
' property, related to the dlstribution of nuclear magnetism and the electronic

. wavelfunction, can be measured. Thls is the hfs anomaly.

The hfs anomaly, 1A2,Iis defined by:

a, g : o e
2= 2adhh o W
2 g - I

where the a's are the magnetic-dipole hfs interaction'constants,fand the g's

"~ are the nuclear gbfactors of isotOpes 1 and 2 of the same element. Usually ‘

A is expressed as a percent and, by convention, isotope 1 is lighter than
isotOpe_Z._ Part of the origin of the hfs anomaly was explained by Bohr
and Weisskopf as arising. from the different distributions of magnetism

within the nuclei'of the two iéotopes.; ‘The other part, treated by

‘ Rosenthal and Breit arises from the altered electronic wave function in'
tdifferent isotopes.zl We expected to observe large hfs anomalies in gold

; .rbecause of the largeldensity of electrons at the nucleus and because of
:’17 the differing spin and orbital contributions to the magnetic—dipole moments

. of the isotoPes.

The Hamiltonian describing the (J 1/2) ground-state hyperfine -

TN



;vwhere I is the nuclear angular momentum, J is the electronic angular

~

m omentum, gI and gJ are the corresponding g factors, H is the applied

e magnetic f1e1d, uo 1s the Bohr' magneton, and h s Planck's . c°“5tant‘ '

'f’Precision measurements of transition frequencies between the energy T

{E’possible to. calculate A using Eq. (1) ' We made ‘the, measurements with an .'

: w”fgglatomic—beam apparatus, inducing the transitions with a radio-frequency (rf) ;:f

}«meagnetic-field.

~ The. experimental'reSults for Aulg_8 and Aulg-9 are not obviously

“1h‘predicted by calculations based on. any single current nuclear model We

4:3i1have resorted to a fitting scheme, using a configuration—mixing theory to>~~7

1;:discuss.our results.3 Configuration—mixing theory uses single-particle 'i_f; IR

,W;j_wave functions admixed with nearby configurations in the calculation of

I

1fthe-matrix-elements yielding~u' and A. Stroke et aZ tabulate these
ltlff-matrix elements for a large number of admixtures_and isotopes.4

| ._iI, EXPERIMENTAL METHOD AND APEARATUS

The energy 1evels of Eq. (2), for J = 1/2 are given by the Breit— o

l iRabi formula ;ﬁ;;ﬂ.'"

R
| HEs my) = m gl“o “‘E+(F'I)hA“{1"‘21+1

;nghere Av';”é(x 4;f%l)iénd xf;;(gl gJ) H(polh) : The energy levels for

HV;fflAu_ andiAu as a function of magnetic field H are given in Figs. 1 and.;:_'fx

,-§f2 respectively.A ;ux--”ffiv “

CveRL-17297 -

"'”.v”eigenstates of this Hamiltonian yield values. of a, gI,iand 8J It 13 thenYT'

[

L x} <a>

2
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f‘:.The operation of a flop—in atomic—beam apparatus has been described
Jf?;ia great detail elsewhere-5 we will give only a brief,description here.

Atcms effuse-from-an ovea and travel eesentially collisionefree through.a

- strongiy inhomcgeneous A magnet, a very homogeneous C magnet, and a strongly
inacmogeneous_B magnet. Because they have a magnetic-dipole ﬁoment of
-approximately one Bohr magneton, the atoms are:deflected in the inhomo-

. geneous fields. For avbeam of atoms with J = 1/2, these deflections in the

A and B fields will cancel and a signal will be seen at the detector if atomic

= +
J~ - l.

ment the magnetic field H was held constant and the frequency v was varied;

transitions are induced in the C field for which Am IP tﬁie experi-:
"the observed signal exhibited a reeqnant‘behavior as a feactiqn of v .
The ﬁagnetic field was measured by obserViag;the standard AF = 0 transition ‘
in etther K39 or cs133,
The distingulsbing feature of our apparatus is its C magnet. The
magaet (Varian V4012A) has 12-inch pole tips with-a 2-inch gap. - This
~allows for considerable flexibility in' the choice and use of rf loops. The
magnet is capable of produciné fields up to lQ,ObO G. As an indication
- of the magnets' homcgeneity, the ‘standard AF = 0 transiticn in K39 has._
typically a full-width at half;maximum cf 100 kHz at 4500 G peing a hairpin ;
1 cmVlong. _ | | | o
The A and B magnets, which operate with a gradient of approximately
>-”i.10 000 G/cm, are identical maklng the machine symmetric about the C magnet. .pp
The oven-detector distance is about.27Q cm._ The apparatus '1s divided into o
. chambers which are‘differentially'pumped by oil diffusion pumps . With the"”‘w

t exception of the oven chamber, the: pressures achieved are less than

1,0 x 10 -6 om Hg.



AfngVen;.iTo produce'Au19 s about 2 5 g of Pt were irradiated in a 10

'bthseparation removed the,Au

Cvewensy

5? Gold-198 was produced by thermal neutron irradiation of lOOA
°197 .

";ﬂ?Au_ About 0 1l g of small gold chips were- irradiated for 16 hours in a gt-i

'ﬁlb;a.neutrons_per cmz—sec flux.' These chips were placed directly in the .

9 14

’$f= neutrons per cmz-sec flux for 48 hours. The Ptlgg thus produced decayed '

199

‘ “’*?}with a half—life of 30 minutes to Au A standard ethyl acetate

199 together with some Aul97-carrier from an“’

"'aqua'regid:solution of the Pt.

We used a tantalum oven .heated by electron Bombardment to produce_p; :

."fbeams. Because gold and tantalum form an alloy at high temperatures,vthe
'oven was - fitted with an inner liner and a snout both made of carbon. Beams-
- of stable alkali atoms, used in calibrating the magnetic field were obtained

b'from a resistance—heated stainless steel oven...f

The radioactive beams were - detected by collecting them on a sulfur

‘ﬂsurface for five minutes and then placing this surface in an anti—‘
N coincidence shielded Geiger counter where they were counted Alkali beams
"_were detected by ionizing them with a hot iridium wire and measuring the

“ don current.»

When the experiment began ‘we knew the nuclear Spins and had pre- Sl

;‘;ni'ijliminary values for the Av s from the work of Christensen et aZ ® our h“','b;.ggt
"}Tfirst measurements for both isotopes of gold consisted of a series of :1,:;dNA I
tlji? observations of the standard AF 0 transition at increasingly higher il'
'Jimagnetic fields.‘ This provided values of a and gI sufficiently precise-tow;%?:’h

‘;3',2; allow a search for aAF = 1 tran51tion.; ‘The. AF = 0 transition also

determined gJ. vFor‘these measurements;the "hairpins"‘or rf'loops'
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‘ illustrated in Fig. 3 were used the one on the left for 1oﬁ freqeencies
lvana the one on the rlght for high frequencies. The hairpin terminatinO‘
- &:in the 50—ohm 1oad was required at hlgh fields ( > 1000 G) to avoid |
(inconsistencies 1n the magnetlc—field callbratlon. These occur at high
-ilfields with the shorted hairpln beeause the rf power at the gold frequency
maximized at a diffefent-location_in the‘hairpin than thellbcatioh of the
‘maximun rf power.for the alkali frequenc&.. Due to magnetic field {nhomo- )
fi geneities; the two resonances occurred in different fields, thus eausing
-a systematic eerr.when a comparison is made. The magnetic field was
.> regulated during thesevﬁeasurements to a few parts per hillion by a nuclear
’ ;maghetlc—resonance feedback circuie. The rf signal sources were‘either
frequency synthesizers (Schdmandl FD3) folloyed by_amplifiere; or kljstrons
:phase—loeked to a frequency synthesizer. -
| TO'determine_Av, we observed’ the (S/Z,.i:1/2)4ﬂ-(3/2, ¥ 1/2) transition
.ln Au198 and_the (2,0) «+(1,0) transition in Aulgg. At zero magnetic field
the frequencies of‘these trahsitions do hoe depend to first order on the |
'S;.magnefic field; Hence, inhomogeneity-produced line broadening is small,

- and narrow lines are possible.

The final observations of these lines were made with cavity hairpins. .

. The coaxial hairpin shown in'Fig. 4'was'used to ealibrate ‘the magnetic field.

' The entire hairpln block could be moved to allow either hairpin to occupy .

' the'centervof the Cvmagnet., For-Au198 the cavity operated in the TEOll

e mode; for Au199 the TMOlO mode wes used, vaservations_were made!with
Avaribus orientations of cavity andlcffield‘directioné to eheck‘for cavity

shifts‘and Millman effects.7 None were observed. During ell of these final
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flobservations we varied the rf power at the peak frequency to determine the
ﬂl:optimum transition power. The cav1ty hairpins typically required a few

':{: microwatts of rf power to saturate the resonance. -

' To determine gI, the doublets were observed at their field—independent;i.

“points. In Aulgs these are the trans1tions (5/2 —3/2) (3/2 —-1/2)~and '

Puf}i(S/Z,‘—l/Z) <> (3/2 -3/2) at 3200-G- in'Au199 these are the transitions
(2 L1) (1 0) and (2, 0) «> (1, -1) at 1040 G. Again, cavity hairpins |
Vifl:0perating in the same modes as those for the Av measurements were used |
'laiéMillman or cavity shifts vere also not.observed for these transitions;.
‘ . All frequency counters and rf equipment used in this experiment had
vhii’as a reference a 100~kHz oscillator (James Knight FSllOOT) ' This oscillator
.‘f'was continuously monitored against the standard 60-kHz WWVB broadcasts.
;;u;Therefore, all our measurements: of frequency are based on atomic time A.l
'> which defines the second by taking the Av of Cs?B? to be 9192 631770 MHz
',f'exactly. ol }
III. DATA AND'T%ESULTS':':"
The data for Aulgs-and Aulg? are presented in Tables.I and II, respectively;v"
lvf;The residuals listed there are the calculated frequencies, based on’ the R »
best least-Squares fit minus the exPerimentally observed frequencies. -
:5; Figures S5 through 8 illustrate typical observed resonances., These data werelj
’lfitted to the Breit—Rabi formula using a least—squares fitting routine.: Thefﬁf
‘zif'parameters gI, gJ;'and a were varied and the results are given in Table III;t;;:~f
The value uolh =1, 399613 MHz/G ‘was used in this fitting routine.. The f

results do not depend on this value to first order because of the method

. of measuring the magnetiC'f‘elu. Table IV gives the constants aSsumed for o

'dithe calibration isotopes used to calculate the magnetic field




- e e

'gj‘ |
- absolute value taken for the alkali 85 factors. A variation of 1 part in
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The final experimental results, which supersede all prior information,8

- are listed in Table V. The value m /m = 1836.12 wasvused to calculate’
-fthe nuclear magnetic moments, and ‘the correction for diamagnetism was

" taken to be (l—o) = 1.00958. The results for the ratios of the electronic

lfactors, as well as the other reéults, are quite independent of the

‘ 105 can easily be tolerated.

Our final results have errors representing 2 standard deviations of

. the leastésquares fit based on external consistency of the input data.: The -

'resulting'xz's indicate that our choice of input uncertainties was highly

conSefvative,vbut these choices reflect considerations of possible

systematic errors. The hyperfine-structure anomalies were calculated with

the‘fcilowing values10 for Au197:
" Av = 6099.320184(13) MHz

e (uncorr) = + 0.143491(9) om .

IV. DISCUSSION
We have considered the effect on our results of second;order contributions

to the hyperfine structure. All suchvmatrix elements'of Eq. (2) which are

‘ off-diagonal in J, and which also involve the magnetic field H, vanish

identically. This is because they all contain the integral

f R6s an dr
as a factor in their reduced matrix elements. One of the selection rules

on this integral is An = 0. Because the ground-state configuration of gold



1'f'(2d3/2)3, where only states above the closed shell at 50 protons are

"?f assignment 1s also consistent with the observed spin and parity14 of Hg

:ﬂleads to only one. fine—structure level this integral vanishes. Hence;*r"f -

ﬁilthe Breit—Rabi formula yields the true gI and gJ

We have calculated the second-order magnetic-dipole and electric-' a

/Kikjjquadrupole contributions to the ground—state hyperfine structure from the}_ yli ,,f
‘<7;iy2D3/2 and ZDS/2 states, follow1ng‘$chwarts.1lﬂ The: results of Childs and"t

h'ﬂéoodman;? for.the hyperfine structure of these states3in Au»]'»g'7 were used

ZF§~de£?rﬁine the:normalization,of the Casimir wave functions.  If wexset

wvfjthe experimentalaAQ equal to Av + Av, - , then 7

lst.order 2nd order

(Aulga) = =34, Hz, Av (A 199) = - 68. 'Hz" iy

2nd order 2nd order

pIn these calculations we have assumed that the nuclear electric—quadrupole
“”Tf moments of these isotopes are no larger than 1 barn. These corrections are ﬁ

7"f;negligible for present measurements

The spin of Au199 is 3/2 as is the spin of all the odd-A gold

“”'o”isotOpes. The most reasonable explanation is that these spins are due to

' .Z'Fhe‘d3/2 hole in the proton configuration (lg7/2) (2d5/2) (lh11/2)

S

:ijlisted. This assignment of the 2d3/2 protons is consistent with the
' 7-observed positive nuclear quadrupole moment of Au ' (Ref 12). 1t 1s f»k
' 'ﬂ_fbalso consistent with the fact that the observed moment is closest to the

| ﬁfibechmidt moment correSponding to 3 é 2 - 1/2

198

If the oddvneutron in Au is assumed ‘to’ be in a: 3p1/é state, then {’7 N
iﬂ“Nordheim s rules as’ modified by Brennen and Bernstein13 unambiguously

?:;predict that the spin is 2. This is indeed the observed spin. This neutronhf'“ﬁ-:'
199

CUETe ycRL-17297 U
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The Schmidt predictions for the maghetic'moﬁents‘are{"

ﬂr(A ) = + 0 124 nm, and My (Au 98) + 0 762 nm.' NoAnuclear model o

: " known.- to us can explain ‘the dev1at10n of the observed moments from these

fl values and at the same’ time predlct the observed anomalles.s

In view of the dlfficultles of theoretically predicting thefmagnetic

.moments, we construct an interpretation of the observed moments by the

197 199

Al following scheme, ’The theoretical megnetic moments of Au and Au
h“:.are made to flt the observed moments either by choosing the proper value' '

;'of'gs in thelSchmidt formula (the method of quenched g factors) or by

E“-chocsing the proper admixture of some single-excitation configuration-

'_mixing scheme., For each value of gs and admixture, a value of e'can be

calCulated. The single-isotope anomaly (e) is defined by

ext

- a =a . (1 + €), where a and aptvare the hfs interactionrconstants

ext

»_calculated with a distribution of nuclear magnetism and a polnt magnetic

dipole, respectively. The hyperfine-structure anomaly is then calculated

using -
1+¢ ' R
1.2 1 ' .
1+ c -’,ETJT?;; e - | (4)
o N . 197 199 C
The scheme which then predicts the best values of is chosen as =

best_describiﬁg the observed facts,' Table Vl g1ves the results of this .

197,199

It is’easily'seeh that the usevof'effective ggrfactors;leads to a

- poor value for the anomaly. Both heutron excitations give'reaSOnable

agreement, and we choose.(pl/2 p3/2) as_ best describing the situation'*
since it has the lower excitation energy. '

The magnetic-dipole moment of Au198 cah.be calculated using the g
199 o | o

‘factor of the neutron in Hg and the g factor:of the proton in eitherf'.



‘xAu197 or Aulgg We use the value uI + 0 50 nm for the magnetic moment14

‘fig,and using the proton g factor from Au199; we get uI(Au

:‘13?ﬁalone;;5:_For'ep we can choose either € (Au

o and for e.'we-use e(Hg

- ;'calculating e(Hg 99). Using E(Au ) and e(Hg
*zw—wi h

‘ :wi_ th

;4;'shown that the hfs anomaly is not necessarily a “17 effect" as it 1s often

'UCRL-17297°

199

;’of Hg Taking the proton g factor from Au197; we get uI(Au ) —'+ 0 65 oo,

198y = + 0277 nm.f

Aa;:Although neither value agrees very well with the observed value of + 0 59 nm,

-~

't]”this is probably as good as can be expected for an odd—odd nucleus.'

198

" A value of e for Au can be calculated from

] =', p Ep +¢ Venv . :‘v ) (5)

hvfwhere ap‘and @, are the fractional contributions of the proton and the '
;-}Vneutronbto'the magnetic moment of Au198, respectively, and‘ep and enlare,the

" values of the individual isotope hfs anomaly for the proton‘and neutron.

197) =13. 67 or e(Au 9 =.8.3%,

199) = -3. SZ. The delta function interaction‘aSSumed

'i;fin Refs. 2 and 3 to cause the configuration mixing vanishes for the 51ng1e

199

7"5hlpl/2 neutron in Hg . Therefore, an effective g factor is used in

199),'we get €(Au 98)= 0.89%,

197 198 198,

=12, 6/ -using e(Au 9) and 8(Hg199), we get's(Au ) = 2 74,

197 198 10 6%. The second case gives reasonable agreement with the e

197 198

bifobserved value of © = 8.5%.

V. CONCLUSIONS °
f. As expected the hfs anomalies %97'198 nd 197 ;99 are large. We have f& S

alabeled. Its usefulness as a nuclear parameter is limited because of the
rlcomPleXity of its interpretation. However, it can be helpful when we are_ZZ‘ij'*
~deciding among several 90831b1e fitting schemes in which configuration mixing R

" is being used to explain a magnetic moment. By such a scheme .we have »

.'v'l .
'



‘s{}}attempted to explain the magnetic—dipole moments of Aulgg,anchulgg and .

"7atheir anomalies with respect to Au™" e T

o 1-.
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Table I. Experimental data for 'Auwa_.

" .BH

~.50B3

oo ' Gold transition

+0.0002 - .0

Run  leotgpe  “catip, MHE) | H(G) Fomg) - (Fprma). ¥ au{MHz)  Residual
“4a K37 . . 44.2149(55)  50.0058(50) (5/2,-3/2)-{5/2,-5/2)  28.1840(50) + 0.0039
4B K37 200.5925(75)  150.0154(37) (52, -3/2)-(5/2,~5/2) - 85.4300(35) - 0.0030
" 4cC K7 684.5815(55) 350.0205(21) (5/2,-3/2)-(5/2,-5/2) 203.6012(35) - 0.0031
4D K7 2750.4857(70) 1100.0523(25) (5/2.-3/2)-(5/2,-5/2) 694.0465(45) - 0,0022
Cst33 % 1947.397(13)  2500.1548(88) (5/2.-3/2)-(5/2,-5/2) 1846.123{10) -~ 0.0064
8I Cs13?  1947.304(13) 2500.1509(88) (5/2,-3/2)-(5/2,-5/2) 1846.115(8) = 0.0106
© 324 cs'33 T osaa1(70)  1.554(20)  (5/2, 1/2)-(3/2, 1/2) 21451.585(13) - 0,0040
328 cstd’ 0.6030(70)  1.723(20)  (5/2, 1/2)-(3/2,-1/2) 21450.720(26) + 0.0031
o326t a3 6119.922(18) 4599.8575(75) (572, -3/2)-(5/2.-5/2) 4303.085(14) = 0.0032
“32c2 €a'3?  6119.913(18) 4599,8538(75) (5/2,-3/2)-(5/2.-5/2) 4303.087(12) +0.0039
1201 . 5?2 6119.906(18) 4599.8507(75) * (5/2,-3/2)-(5/2,-5/2) 4303.083(12) + 0.0043
32Dz . Cs'33. 6119.901(18) 4599.8485(75) (5/2,-3/2)-(5/2, -5/2) 4303.082(12) + 0.0063
“32F1 Cal3? 11998.303(24) 6899.9470(90) (5/2,-3/2)-(5/2,-5/2) 6118.300(24) + 0.0082
32F2  ca'¥d 11998.328(24) 6899.9564(90) (5/2,-3/2)-(5/2,-5/2) 8118.310(24) +0.0004
" 32F3  Cs'?? 11998.323(24) 6899.9545(90) (5/2,-3/2)-(5/2,-5/2) B118,305(24) --0.0011
37a1 - Ce'33  3126.650(10) 3214.4648(54) (5/2, -1/2)-(3/2, -3/2) 19564.390(30) + 0.0017 -
3742 Ca'33 3126.656(10) 3214.4680(54) (5/2,-1/2)-(3/2, -3/2) 19564.390(30) + 0.0017
3743 - Cal?®  3126.657(10) 3214.4684(54)  (5/2, -1/2)~(3/2, -3/2) 19564.390(30) ¢ 0.0017
3781 . Co!¥3 | 3126.632(10) 3214.4552(59) (5/2,-3/2)-(3/2, -1/2) 19565.820(30) + 0,0002 .
3782 Cs'3d 3126.633(10) 3214.4558(54) (5/2. -3/2)=(3/2, -1/2) 19565.820(30) + 0.0002
3783 Co!3? 3126.636(10) 3214.4573(54) (5/2, -3/2)-(3/2, -1/2) 19565,820(30) + 0.0002
© 3701 Gt 3126.655(10) 3214.4675(54) (5/2,-1/2)=(3/2, -3/2) 19564.390(30) + 0.0047
37¢2 s . 3126.655(10) 3214.4675(54) (5/2,-1/2)-(3/2,-3/2) 19564.390(30) + 0,0047
373 Cs’.” 3126.655(10)  3214,4675(54) (5/2, -1/2)-(3/2,-3/2) 19564,190(30) - + 0.0017
37¢4 . €1 3126.639(10) 3214.4590(54) (5/2,-3/2)-(3/2, -1/2) 19565,820(30) + 0,0002
37C5 - €133 T 3126.639(10) 3214.4590(54). {5/2,-3/2)-(3/2, ~1/2) 19565.820(30) + 0,0002
376 . €3 7 3126.639(10) 3214.4590(54) (5/2,-3/2)-(3/2,-1/2) 19565.820(30) + 0,0002
47a1 . Ca'33 | 3126.684(17) 3214.4829(91) (5/2,-3/2)-(3/2, -1/2) 19565,8202(2T) + 0,0004
a7az ce'? 312671207 32144979(91) T (5/2,-3/2)-(3/2,-1/2) 19565.8202(25) + 0.0004
4781 cs'33 3126.659(35) 3214.470(19)  (5/2,-1/2)-(3/2,-3/2) 19564,3877(25) - 0.0006
4182 Cs¥33 3126.662(35) 3214.471(19)  (5/2,-1/2)-(3/2, -3/2) 19564,3877(25) - 0,0006
s0a1.  Co'3Y 3126.7240(60) 3214.5046(32) (5/2,-3/2)-(3/2,-1/2) 19565.8198(7) + 0,0000
5042 Ce'®3  3126.7240(60) 3214.5046(32) (5/2,-3/2)-(3/2, -1/2) 19565.8198(8) .+ 0.0000
50A3  Cs¥ 3126.7250(607 3214.5052(32) (5/2,-1/2)-(3/2,-3/2) 19564.3885(7) + 0.0002
5044 Cs?32 T 3126.7250(60) 3214.5052(32) - (5/2, ~1/2)-(3/2, -3/2) 19564.3885(T) + 0.0002
5081 Cs'3? ' 3126.7290(60) 3214,5073(32) (5/2,-172)-(3/2,-3/2) 19564,3885(7) + 0,0002
“cos0Bz - Ce!33 3126.7290(60) 3214.5073(32) (5/2.-3/2)-(3/2, ~1/2) 19565.8198(8) + 0.0000 -
. S ce'33 3126,7200(60) 3214.5025(32) (5/2.-3/2)-(3/2,-1/2) 19565.8196(8) = 0.0002 -
50B4 - Ca'33 - 3126,7220(60) 3214.5036(32) (5/2,-1/2)-(3/2,-3/2) 19564.3879(7) - 0.0004 . .
"soBs ' cstd’ 0.310(10) 0.886(29)  (5/2,-1/2)-{3/2, 1/2) 21450,7173(9) + 0.0002
s0B5 . Cs'33 0.310(10) 0.886(29)  (5/2. 1/2)-(3/2,-1/2) 21450.7173(9) + 0.0006 -
so6  cai?3 0.310{10) - 0.886(29)  (5/2,-1/2)-(3/2, 1/2) 21450,T169(9) = 0,0002 ~
5086 Ca'd? 0.310(10) . .0.886(29) - (5/2. 1/2)-(3/2,~1/2) 21450,7169(9)
soct  ca'?d 0.315(10)  0.900(29)  (5/2,~1/2)-(3/2, 1/2) 21450.7164(12) - 0.0007 . -
. soct  cat¥ 0.315(10) 0.900(29) © (5/2. 1/2)-(3/2,-1/2) 24450.7164(12) - 0.0003
“socz cst¥ 0.286{10) 0.817(29)  (5/2,-1/2)-(3/2, 1/2) 21450,7168(10) - 0.0002
" socz ~ cst?3 0.286(10) 0.817(29)  (5/2. 1/2)-(3/2,-1/2) 21450,7168(10) + 0.0001
o N ‘ .. "

By DoRes
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S 7 Table I '. _E_:;p.ex'-'ix-'nental data for Aul99, . T

S Run -

710A ..

-.10B
. 10C

P I

- 13A
13B
£ 43C

e
3G
‘13H . e

131
4371
26A

‘26A

;' 26B
.. 26D

. 26E
C46AL
- 46A2 ¢
" 46B1
S 46B2

. 49B1-
.. 4982
49B3

. a9pa

- 49B5
4986
'49B7

4988 ...
- .49Ct -
©.49C2 .
.. 49C3 .
. 49C4

Gold transition

40,0002 .

?::::ge S Veanp, (MH2) Cmg)  Fyp my)-(Fp my) Y Ay (MHZ) Residual - |
K7 44,2092(75) ' 50.0006(68) 2, -1)-(2, -2) '35.3835(75) +0.0017
k3 200.5910(75) 150.0146(37) (2, -1)-(2,-2) .~ - 108.2210(60) - 0.0029 .
E S04 503.0970(85) 280.0303(3 ) - (2, -1)-(2,-2) " 207.1910(40) - 0.0035 -
kK7 . 2750.4095(85) 1100.0250(30) (2, -1)-(2,-2) /956.658(10) - 0.0044 -
ce3 500.4140(75) 1049.890(12) (2, 0)-(1,-1)  10589.038(13) + 0.0014 .
est3 500.4140(75) 1049.890(12) (2, 0)-(1,-1) 10589.0396(40)  + 0.0035
cst®? 500.4140(75) 1049.890(12) (2,-1)=(1, 0) 10589.3191(90) - 0.0023
cs133 500.4140(75) 1049.890(12) (2, -1)-(1, 0) 110589.3216(50)  + 0.0002
g 0.70514(70)  1.0020(99)  (2,-1)-(1, 0) . 10962.0255(90)  + 0.0048 .
K7 0.7042(65)  1.0008(92)  (2,-1)-(, 0) 10962.0240(60) . + 0.0024. - _
K9 -0.7035(70) 0.9998(99) {2, 0y-{1, 0) = - 10962.7215(90) . .= 0.0015 "
K9 | 0,7026(70)  0.9985(99)° (2, 0)-(1, 0). 10962.723(10) .. - 0,0005 ~
cs'33.7 . 498.9456(80) 1047.584(13) - (2,-1)-(1, 0) 10589.3185(40) *. -~ 0.000 -
~cs'3 . 498,9480(80) 1047.588(13) | (2,-1)-(1, 0) 10589.3187(55) = - 0.0006. .
cs?33 - 498,9500(80) 1047.591(13) (2, 0)-(1, ~1) 10589.0360(70)  + 0.0014 -
v cs?? 0 498,9528(80) 1047.595(13) (2, 0)-(4,-1) 10589.0368(30) -+ 0.0022
K39 7 5546.432(10) 2100.1932(36) (2, -1)-(2,-2)  2214.1790(80) = - 0.0000
‘K% 5546,343(10) 2100.1614(36) _ (2,-1)-(2,-2) .. 2244.1350(60) .+ 0.0025 -
K3 8627.052(12) 3200,3448(43) (2, -1)-(2,-2) - 4063.048(10) -~ +0.0057
C€atP U 8345.833(15)  5500.3416(59)  (2,-1)-(2,-2) - 9102.635(15) | - 0,0091 .
cs¥33. 11468.376(25) 6700.3448(94) - (2,-1)-(2,-2) . . 12084.595(24) ° - 0.0043
cs?® . 498.9408(70) 1047.577(11) (2, 0)-(1,-1) - . 10589.0345(10) - 0.0001
et 498.9324(70) 1047.563(11) (2, 0)-(1,-1) - 10589.0357(12)  _ + 0.0041 -
et 498.9296(70) 1047.559(11) (2,-1)-(1, 0) . © 10589.3195(13) . + 0.0002 - -
€833 498.9503(70) 1047.592(11) - (2,-1)-(1, O} 10589.3195(12) .  + 0,0002 .
cst33 498.9430(60) 1047.5801(94) - . (2, 0)-(1,-1) ~  10589.0345(5) - - 0.0001
cs'®3 1 498,9440(60) 1047.5816(94) - (2, 0)-(1,-1) . '  10589.0345(8) - 0.0001 |
ce133 " 498.9550(60) 1047.5989(94) - (2, 0)-(1,-1) 10589.0345(6) - 0.0001
cs'?® . 498.9610(60) 1047.6083(94) (2, 0)-(1,-1) . 10589.0345(4) - -.0.0001 .
et 498.9440(60) 1047.5816(94)  (2,-1)-(1, 0) ° . . 10589.3192(5). " - - 0.0001
cet® 498.9450(60) 1047.5832(94) . (2,-1)=(1, 0) . .10589.3192(6) . - 0.0001.
s¥33 . 498.9530(60) 1047.5958(94) . (2,-1)-(1, 0) " 10589.3192(8) .. . - 0.0001
ce® . 498.9630(60) 1047.6115(94) (2, -4)-(1, 0) 10589.3192(4) . - 0.0001: -
et 0.265(10) . 0.757(29) .. (2, O)=(1, 0) =’ 10962.7231(4) "
cat 0.267(10) 0.763(29) (2. 0)-{1, 0) - - 10962,7227(4) . - - 0.0002
EPEE 0.269(10) - 0.769(29) (2, 0)-({, 0). ** . 10962.7229(5). . +70.0000
cé‘”' 0.302(10) . - . 0.863{29) (2, 0)-(1, 0) - "10962.7231(6) +0.0002°
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“.. 7. 'Table III.. Results of least-squares' fit. .

r Au198(1i=:2)' “{.f: - 199(1 = 3/2l

a ”'1";51A‘.. -'3.8580 .286697(87) MHz  5481. 3o1327(71) Mz

g (uncorr) S 000159084(57) 4o, 00009706(12)

-2, 0033055(17) o 'e 2.0033037(19)

}ﬁﬁif:Nnmber of observatiOns. .A'47 ' o } 37

2

_Table IV. Calibration isooope eonstants..f

‘ K39 - ,‘ : 05133

e e el aer23® iz . 9192.6317707 iz
(uncorr) - 4. 39088° om  +2.5641° mm

d d

- 2. 0022954 - 2.0025417%.

i, a. nReference 10. D
.b. - Atomic time, A]. defines the second by assuming this Av for Cslg3.7_'

A'jf;%'é.vj Ingvar Lindgren, Table of Nuclear Spins and Moments, in Alpha-- Beta-,

‘and Gamma-Ray Spectroscopy, Vol 2 Kai Siegbahn, Ed., (North-Holland P:
- Publ Co., Amsterdam, 1965) P 1621 | - -
'}rd;vd P. A. Vanden Bout V J. Ehlers, and T. Incesu, Bull Am, Phys. Soc...
” 9 740 (1964) L. C. Balllng and F.YM. Pipkln, Phys. Rev. 139 Al9

(1965), and D T Wilkinson and H R. Crane, Phys. Rev. 130 852 (1963)
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ri?TéﬁleuV:‘ fihél results.

198 199

AR 7 M (a3=2) 0 AT (1= 3/2)
| : 53f; ;A9‘_':f ".{'Jfa_gj _i'”  21450.7167(4) Miz 1,  10962.7227(3) Miz
‘<u£f(ﬁhéorr) |  Aj-i-~¥'» +0.5842(4) nm f;*'_ =_+ 0.2673(7) nm
ihzbui‘(¢orr). ; o 0.5898(4) nm ’5;: + 0.2699(7) nm

P 8.53(8)% 3@

198 199

gJ(A g x> = 1.000504(2)

- gylAu 198 199)/ 5(€ cs' ) = 1.000381(2)

Table VI. Interpretation of Au™>° result. . .

, , _ Excitation . » . e
Mechanism =~ energy (MeV) ,'e(An197) e(Anlgg)' 197A199 “

veffective gg _ ‘ . e f“ 13.0 :“4.9 - 7.7
s;y(pllz - p3/2)' C . k0f5 © 0 13.6 i,, 8.3 ._V,. 4.9
T v_('i

-:“(h9/2 11/2) 2.0 1Lt Bl o 66

a. Experimentally, 81%% - 3.7(2)7 .
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- This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-

mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, '"person acting on behalf of the
Commission™” includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.








